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1 INTRODUCTION 

1.1 Background 

In recent years, the Midwest Pooled Fund Program has been developing a non-proprietary, 

high-tension, four-cable, median barrier in cooperation with the Midwest Roadside Safety Facility 

(MwRSF) [1]. This cable barrier system was intended for use anywhere within a 6H:1V median 

V-ditch and consisted of four cables supported by Midwest Weak Posts (MWPs) spaced at 8-ft 

(2.4-m) intervals. A bolted, tabbed bracket was utilized to attach the lower three cables on 

alternating sides of the MWPs, while a brass keeper rod was utilized to contain the top cable within 

a V-notch cut into the top of the posts. 

Previously, this cable barrier system was subjected to eight full-scale crash tests in 

accordance with the Manual for Assessing Safety Hardware (MASH) 2009 and 2016 [2-3]. Test 

nos. MWP-1 and MWP-2, in accordance with MASH 2009 test designation nos. 3-17 and 3-11, 

respectively, successfully captured and contained the vehicle [1]. For test no. MWP-3, the post 

spacing was changed to 8 ft (2.4 m) to evaluate the system deflections and working width with 

tighter post spacing. Ultimately, the test failed due to vehicle rollover [1].  

Modifications were made to improve the system performance, which required further full-

scale crash testing to evaluate the crashworthiness of the system according to the MASH 2009 Test 

Level 3 (TL-3) criteria [2]. Test no. MWP-4 was conducted in accordance with MASH 2009 test 

designation no. 3-11 and utilized a 10-ft (3.0-m) post spacing to establish the working width 

associated with a reduced post spacing. During the test, the 2270P pickup truck was initially 

captured and redirected by cable nos. 2 and 4. However, the vehicle eventually overrode cable no. 

2 after the vehicle was parallel with the system [4]. Test no. MWP-5 was invalidated due to 

technical difficulties, and thus was not reported on.  

Test no. MWP-6, conducted in accordance with MASH 2009 test designation no. 3-10, 

utilized 8-ft (2.4-m) post spacing placed on level terrain. During the test, the occupant 

compartment was penetrated when the top of the posts were overridden, causing tears in the floor 

pan in two locations. Thus, test no. MWP-6 was determined to have failed the safety performance 

criteria corresponding to MASH 2009 test designation no. 3-10 [4]. 

To reduce the likelihood of occupant compartment penetration, the top corners of the MWP 

were rounded. The outer corners were radiused ⅝ in. (16 mm), and the inner bent corners were 

filleted ¼ in. (6 mm). Test no. MWP-7 was a repeat of test no. MWP-6, but with the modified 

MWP. During the test, the floor pan was again torn due to contact with the tops of the MWPs as 

the vehicle overrode them. Four separate tears occurred. Thus, test no. MWP-7 was determined to 

have failed the safety performance criteria corresponding to MASH 2009 test designation no. 3-

10 [4]. These performance issues highlighted the need to develop new barrier components to 

improve the safety performance of the cable median barrier.  

After a series of 21 bogie tests, a modified post was designed to mitigate the floor pan 

tearing [5]. Test no. MWP-8 was conducted on the modified barrier system, consisting of MWPs 

with rounded top edges and ¾-in. (19-mm) diameter weakening holes at the ground line. This test 

was conducted according to MASH 2016 test designation no. 3-10 [6]. The vehicle was contained 

by the system, and no floor pan tearing was observed throughout the initial two vehicle crossover 
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events across the barrier and posts. During the third impact series with the posts, one post 

penetrated the occupant compartment, which resulted in floor pan tearing in two locations. 

Therefore, test no. MWP-8 was deemed unacceptable. 

An investigation into protecting the free edges at the top of the post included adding a cap 

to the top of the posts to reduce the propensity for post penetration into the occupant compartment 

and floor pan. A total of five bogie tests were conducted to evaluate several cap designs and post 

modifications [7]. From the bogie test results, a two-part cap with a single retainer bolt added to 

the top of the posts was expected to shield the free edges of the top of the MWP during post-to-

vehicle contact and mitigate the floor pan tearing. 

Analysis of the test results for test no. MWP-9 [8] showed that the system adequately 

contained and redirected the 1100C vehicle with controlled lateral displacements of the barrier. 

There were no detached elements or fragments that showed potential for penetrating the occupant 

compartment or presented undue hazard to other traffic. The test vehicle did not penetrate nor ride 

over the barrier and remained upright during and after the collision. Vehicle roll, pitch, and yaw 

angular displacements were deemed acceptable because they did not adversely influence occupant 

risk safety criteria nor cause rollover. However, cable no. 3 snagged on the top cap retainer bolt 

and nut and induced an increased downward and lateral force to the vehicle’s A-pillar. This action 

caused cable nos. 3 and 4 to become interlocked with the A-pillar on the impact side of the vehicle, 

resulting in excessive lateral A-pillar crush of 3.4 in. (86 mm), which is greater than the 3-in. (76-

mm) lateral MASH 2016 limit. Additionally, the left-front side window shattered due to contact 

with cable nos. 1 and 2, which is unacceptable when the A- or B-pillar crush exceeds the MASH 

2016 limit of 3 in. (76 mm). Tearing and penetration did not occur to the vehicle’s floor pan. Thus, 

the two-part cap designed for this test was able to mitigate the floor pan tearing and post 

penetration into the occupant compartment, but the test was ultimately deemed unsuccessful due 

to excessive A-pillar crush and the shattering of the left-front side window. 

During the nine full-scale tests on the cable barrier design, which included a bolted, tabbed 

bracket, the cables would release from the brackets and then slide up the post. Evidence from 

previous testing indicated potential snag on the nut and end of the bolt. Therefore, a need arose to 

investigate a new nut design for use with the bolted tabbed bracket. 

1.2 Objective 

The objective of this research was to design and evaluate a new nut design to mitigate 

potential cable snag on the non-proprietary, four-cable, median barrier. 

1.3 Scope 

The research objective was achieved through completion of several tasks. Investigation and 

design of two prototype sleeve nuts for tabbed brackets was conducted. After the prototype nuts 

were fabricated, tensile testing was performed on each concept. Results were analyzed, evaluated, 

and documented. Conclusions and recommendations were then made pertaining to the safety 

performance of the newly-designed sleeve nuts. 
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2 SLEEVE NUT DESIGN 

2.1 Sleeve Nut Design 

All sleeve nuts were fabricated from AISI 1144 Class B Stressproof steel rod, with nominal 

yield and ultimate strengths of 100 ksi (689 MPa) and 115 ksi (792 MPa), respectively. Two 

different overall lengths, head shapes, and threaded lengths were investigated. The inner and outer 

diameters were the same for all sleeve nuts and measured 5/16 in. (8 mm) and 0.563 in. (14 mm), 

respectively. The effects of plain and corrosion-resistant finishes were also investigated. Examples 

of the different parameters are shown in Figure 1. The test matrix is shown in Table 1. Detailed 

drawings are shown in Appendix A. 

 

Dome Head 

Galvanized 

1.391 in. Long 

0.5-in. Threaded Length 

Cone Head 

Plain Finish 

1.576 in. Long 

0.7-in. Threaded Length 

Figure 1. Illustration of Differences between Sleeve Nut Concepts 

The two different head shapes were designed to be low profile in order to mitigate cable 

snag and reduce the possibility of floor pan tearing. Both sleeve nuts were designed to develop 

nominal yield and tensile forces of 5.2 kips and 6.0 kips (23.1 kN and 26.7 kN), respectively. These 

values are near the minimum nominal yield and tensile strength of the 5/16-in. (8-mm) diameter 

Grade 5 bolt, which are 92 ksi and 120 ksi (634.3 MPa and 827.4 MPa), respectively. This 

corresponds to a yield and tensile force capacity of 4.8 kips and 6.3 kips (21.4 kN and 28.0 kN), 

respectively, for the 5/16-in. (8-mm) diameter bolt. The bolted connection is necessary to maintain 

the fixity of the tabbed bracket, and provide positive engagement between the tab bracket and post.  
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Table 1. Test Matrix, Test Nos. HTSN-1 through HTSN-14 

 

 

Test 

Name 

Bolt Sleeve Nut 
Maximum 

Tensile Force 

(kip) 

Failure 

Mechanism Finish 
Diameter 

(in.) 

Length 

(in.) 

Head 

Shape 

Length 

(in.) 
Tap 

Threaded 

Depth 

(in.) 

Finish 

HTSN-1 Plain 5/16 5 Dome 1.576 Regular 0.750 Plain 7.34 Bolt fracture 

HTSN-2 Plain 5/16 5 Dome 1.576 Regular 0.750 Plain 7.40 Bolt fracture 

HTSN-3 Plain 5/16 5 Dome 1.391 Regular 0.625 Plain 7.37 Bolt fracture 

HTSN-4 Plain 5/16 5 Dome 1.391 Regular 0.625 Plain 7.39 Bolt fracture 

HTSN-5 Plain 5/16 5 Cone 1.391 Regular 0.625 Plain 7.39 Bolt fracture 

HTSN-6 Plain 5/16 5 Cone 1.391 Regular 0.625 Plain 7.39 Bolt fracture 

HTSN-7 Ecoguard 5/16 5 Cone 1.391 Oversize 0.625 Plain 6.74 Bolt fracture 

HTSN-8 Ecoguard 5/16 5 Dome 1.391 Oversize 0.625 Plain 6.85 Bolt fracture 

HTSN-9 

(Baseline) 
Plain 5/16 5 Regular 5/16 nut Plain 7.34 Bolt fracture 

HTSN-10 No bolt, used MTS base (Gr.8) Cone 1.391 Regular 0.625 Plain N/A 
Test jig thread 

fracture 

HTSN-11 Ecoguard 5/16 5 Dome 1.391 Oversize 0.625 Galvanized 6.81 Bolt fracture 

HTSN-12 Ecoguard 5/16 5 Dome 1.391 Oversize 0.625 Galvanized 6.97 Bolt fracture 

HTSN-13 Ecoguard 5/16 5 Cone 1.391 Oversize 0.625 Galvanized 6.74 Bolt fracture 

HTSN-14 Ecoguard 5/16 5 Cone 1.391 Oversize 0.625 Galvanized 7.00 Bolt fracture 
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2.2 Test Conditions 

For each test, a 5/16-in. (8-mm) diameter Grade 5 bolt was threaded into the sleeve nut until 

it was snug. Typically, engagement of three threads between a bolt and nut will develop between 

75 and 90 percent of the bolt strength. Therefore, one full bolt diameter deep into the sleeve nut 

should develop the full strength of the bolt. Each test used either a plain or a corrosion-resistant 

finish, as shown Table 1. The bolt and nut combinations were attached to test jigs mounted between 

grips of an MTS Criterion Series 60 – Model 64.106 machine, as shown in Figure 2. Pre-test 

photographs of the nuts and bolts are shown in Figures 3 through 6. A quasi-static tension test was 

conducted by slowly separating the grips of the tensile testing machine, thus creating a tensile 

force in the bolt and nut, until failure occurred. A total of fourteen static component tests were 

conducted, as shown in Table 1. 

 

Figure 2. Tensile Test Setup 
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 HTSN-1 HTSN-2 HTSN-3 HTSN-4 

Figure 3. Pre-Test Bolts and Nuts, Test Nos. HTSN-1 through HTSN-4 
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Figure 4. Pre-Test Bolts and Nuts, Test Nos. HTSN-5 through HTSN-8 



 

 

8
 

D
ecem

b
er 1

1
, 2

0
1
9

  

M
w

R
S

F
 R

ep
o

rt N
o
. T

R
P

-0
3

-4
1
2
-1

9
 

 

HTSN-9 

 

HTSN-11 

  

HTSN-10 

 

HTSN-12

Figure 5. Pre-Test Bolts and Nuts, Test Nos. HTSN-9 through HTSN-12 
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HTSN-13 

 

HTSN-14 

Figure 6. Pre-Test Bolts and Nuts, Test Nos. HTSN-13 and HTSN-14 
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2.3 Test Results 

The variables in each test, test nos. HTSN-1 through HTSN-14, were the parameters of the 

bolts and nuts, as shown in Table 1. In every test, the 5/16-in. (8-mm) diameter Grade 5 bolt failed 

before the sleeve nut. Photographs of the bolt and nut damage for each test are shown in Figures 7 

through 10. 

During the initial round of testing (test nos. HTSN-1 through HTSN-6), the sleeve nut 

length, threaded depth, and head shape were investigated. The longer sleeve nut and deeper thread 

length did not make a difference in the test results. In addition, the two different head shapes did 

not make a difference. Therefore, all remaining tests were conducted on the shorter sleeve nut with 

shallower thread length. However due to the availability of head shapes of the existing sleeve nuts, 

both the dome and cone heads continued to be evaluated. 

All nut and bolt combinations developed strength beyond the expected bolt strength, as 

shown in Figure C-1. The pre-loading in the sample shown in Figure C-2 was due to tension in the 

locking mechanism of the MTS Criterion that was meant to hold the sample in place for the test. 

After each test, the sleeve nuts were inspected for damage, markings, or permanent 

deformation. For each test condition, the sleeve nuts and threads remained undamaged. The 

fractured portion of the bolt remaining in the sleeve nut could be easily removed without any 

plastic damage to the threads. No differences in test results were observed based on nut 

galvanization or head shape. 
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Figure 7. Post-Test Bolts and Nuts, Test Nos. HTSN-1 and HTSN-2
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Figure 8. Post-Test Bolts and Nuts, Test Nos. HTSN-3 through HTSN-6 
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Figure 9. Post-Test Bolts and Nuts, Test Nos. HTSN-7 through HTSN-10 
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Figure 10. Post-Test Bolts and Nuts, Test Nos. HTSN-11 through HTSN-14
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3 CONCLUSIONS AND RECOMMENDATIONS 

Based on the test results, all sleeve nut designs herein were determined to be acceptable. 

Each configuration developed the full tensile capacity of the 5/16-in. (8-mm) diameter Grade 5 bolt, 

which was 6.3 kips (28.0 kN) nominally. Also, according to ASTM A563 [9], mixing finishes is 

not recommended. Therefore, a corrosion resistant sleeve nut should only be used with a corrosion 

resistant bolt. The recommended final nut designs are shown in Figures 11 and 12. 

In order to allow for a galvanized finish, the sleeve nut threads need to be oversized. It is 

left to the fabricator to determine the amount of oversizing that is required and necessary for 

accommodating a corrosion-resistant, 5/16-in. diameter, ASTM A307 or Grade 5 bolt.  

Typically, engagement of three threads between a bolt and nut will develop between 75 

and 90 percent of the bolt strength. Therefore, one full bolt diameter deep into the sleeve nut should 

develop the full strength of the bolt. In addition, the bolt length will be designed such that a 

maximum number of threads will be engaged between the bolt and the sleeve nut when utilized in 

the cable median barrier system design (i.e., bolt threaded into sleeve nut the entire threaded 

portion of the sleeve nut). 



 

 

1
6
 

D
ecem

b
er 1

1
, 2

0
1
9

  

M
w

R
S

F
 R

ep
o

rt N
o
. T

R
P

-0
3

-4
1
2
-1

9
 

 
Figure 11. Recommended Barrel Nut with Cone Head Design  
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Figure 12. Recommended Barrel Nut with Dome Head Design 
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Appendix A. Drawings 
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Figure A-1.  1.391-in. (35-mm) Long Barrel Nut with Cone Head Design 
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Figure A-2.  1.391-in. (35-mm) Long Barrel Nut with Dome Head Design 
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Figure A-3. 1.567-in. (40-mm) Long Barrel Nut with Cone Head Design 
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Figure A-4.  1.576-in. (40-mm) Long Barrel Nut with Dome Head Design 
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Appendix B. Material Specifications 
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Table B-1. Bill of Materials, Test Nos. HTSN-1 through HTSN-14 

Description Material Specification Reference No. 

5/16-in. (8-mm) Dia. Sleeve Nut 
AISI 1144 Class B Stressproof 

Steel 
Correspondence  

5/16-in. (8-mm) Dia. Plain Hex 

Head Bolt 
SAE J429 Gr. 5 

T#220023859  

P#12073 
5/16-in. (8-mm) Dia. Ecoguard 

Hex Head Bolt 
SAE J429 Gr. 5 H#XG40ACR 
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Figure B-2. 5/16-in. (8-mm) Dia. Sleeve Nut Material Certification 
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Figure B-3. 5/16-in. (8-mm) Plain Hex Head Bolt Material Certification 
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Figure B-4. 5/16-in. (8-mm) Dia. Ecoguard Hex Head Bolt Material Certification 
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Appendix C. Test Results 
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Figure C-1. MTS Test Results Summary
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Figure C-2. Comparison of Test Results0
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